Introduction
The increase in energy demand, the depletion of fossil fuels, and the awareness of the public on environmental problems motivate the generation of electrical energy from renewable sources. Sunshine is the most abundant source of energy on Earth, and every year, the sun delivers more than 10,000 times the amount of energy required by humans for their daily use (Chiesi 2013) . Among all the technologies for concentrated solar power (CSP), the use of solar power tower plants (SPTPs) is unique for achieving highly focused solar radiation on a large scale, for generating electrical power (Siala 2001) . SPTPs use several hundred or even thousands of reflectors, called heliostats, as intermediate optical devices between the sun's rays and an energy absorbing device. Heliostats are set around a receiver that follows the sun, and the reflection of the light from the sun further focuses it up to 1 * Corresponding author:
Email: rd13434@mail2.gantep.edu.tr, eng.raadalduleimi@gmail.com, eng_raadalduleimi@yahoo.com 1000 times to a central receiver placed at the central point at the top of a high tower. A computer controls each heliostat's rotation around two axes to ensure light is continuously directed correctly, with a tracking error of less than a fraction of a degree. By this orientation, the intensified sunlight is focused directly on the tower receiver, where an absorber is heated to temperatures of approximately 1000 ℃ or more (Leonardi 2011) . A heat transfer fluid (HTF) then transfers the absorbed energy to a heat exchanger connected to a gas or steam turbine, which is in turn coupled to an electric generator.
The main factor in this system as well as the topic of many studies is the ideal layout of the reflector field and the ideal design of the solar receiver, mainly because the approach requires 50% of the full price of the scheme for heliostat field (Wei 2010 ) and 19% of the full price of the scheme for receiver (Kolb 2011) , and the annual energy P a g e | 152
© IJRED -ISSN: 2252-4940, July 15 th 2016, All rights reserved loss in the heliostat field is approximately 47% (Wei 2010) . Several codes have been produced since the 70s for estimating ideal layouts; and most of those codes are presented in (Garcia 2008) . For the most part, the most recent codes (Chiesi 2013 , Noone 2012 , Collado, 2013 , Besarati 2014 ) identify various forms of access to increase the global optical efficiency ( ), which the present study depends on, to estimate the optical performance of the field. The main purpose of this work is to apply software simulations, a dynamic simulation developed in MATLAB, and consider all average days in the year, as presented in (American Society of Heating, Refrigeration, and Airconditioning Engineers) (ASHRAE 2013), within a specified interval time, to study the potential of SPTP technology through a hypothetical relocation of Seville, Spain's Gemasolar SPTP to regions in the south of Turkey (Gaziantep, Sanliurfa, and Finike) . This study also determines where the highest energy output can be achieved by comparing the performance in terms of the accumulated energies and efficiencies of main units that are affected by special construction requirements in these border locations.
Further, the field and geometrical data receiver model for a GEMASOLAR (SPTP) (Seville -Spain), which is a modern, efficient, and highly productive energy plant, with its border location is considered as a reference in this study. GEMASOLAR is 20 MW power plant that was established in 2011 (Burgaleta 2011) . One of the reasons this plant is successful and possesses distinct characteristics is because of the careful selection of the site. It is situated within the city limits of Fuentes de Andalucía in the province of Seville, Spain, which is considered to be one of the most sunniest and warmest areas in the Europe. It is considered as a reference case in several studies. For instance, Amadei (2013) studied the hypothetical relocation of the same plant to different Chinese regions through software simulation (Solar Advisor Model, SAM). Collado (2013) also studied the optimization of the heliostat field by adopting radially staggered distribution with an implemented Campo code, and estimated the maximum annual energy with a new layout suggested. In the present study, each mirror position is specified by utilizing the layouts of the MIT team model (Noone 2012) , while two parameters of this model settle down the layout outline of the reflectors, estimated by used an optimization algorithm. Then, the thermal performance of the receiver is estimated using a simple analytical model.
Simulation Tools

Optical efficiency factors
The optical efficiency, which is a function of the energy losses associated with the heliostat field, is given in Eq. (1):
where represents the reflectivity of the heliostats, represents the cosine of the incidence angle between the sun rays and the heliostat normal, represents the atmospheric attenuation efficiency, which accounts for radiation losses in the distance ( ) between a heliostat and the receiver and can be estimated by Eqs. 2 and 3, as given in Refs (Noone 2012 , Collado 2013 represents the interception efficiency, which is related to the energy directed to the receiver that does not fall on the absorbing area, because the reflector surface accuracy, beam spread, mirror canting accuracy, and tracking accuracy all have a major effect on the flux distribution at the receiver. An analytical flux density model or the HFLCAL model presented by Collado (2013) , Schmitz (2006) and Collado (2010) which are simple and accurate tools applied to estimate the ( ) and flux distribution, are used in this study. The HFLCAL model integrated the flux distribution along an absorbing surface of the receiver to obtain the intercepted power at a certain point in time, as given by Eq. 4
) is the total dispersion of the flux distribution and is expressed by Eq 5. The coordinates and are related to the vertical plane of the receiver with the origin as the center (the aim point).
σ tot = √D 2 (σ sun 2 + σ bq 2 + σ ast 2 + σ t 2 ) √cos rec ⁄
where ( , , , ) represent the sun shape error, beam quality, the astigmatic effect, and the tracking error, respectively. Further (cos ) is the incidence cosine of the reflected central ray from the heliostat on the receiver surface (a vertical plane). Further details about the HFLCAL functions and constants value can be found in Collado (2013) . & represents the shading and blocking efficiency. Shading occurs when a heliostat is shaded from sunlight by an adjoining heliostat or a tower, and similarly blocking occurs if a heliostat block the sun rays reflected from an adjoining to the receiver, In this study, the central ray tracing and discretization technique, which is presented in Ref. (Noone 2012) , was adapted to calculate the ( & ) with small subdivisions (100 elements) and high accuracy. On the other hand, because any SPTP optimization operation should depend on the annual energy estimation of each different layout, the insolation-weighted mean yearly heliostat field efficiency ( , ) was calculated in Refs (Noone 2012 , Besarati 2014 using Eq. (6):
To compromise between the CPU time and resolution, specify the 21st of each month during the year (average day), and carry out over all days the same Eq. (6) with all computations that are related to the other parameters of optical efficiency (Besarati 2014) .
Solar radiation
The annual energy from the receiver is the sum of the instantaneous energies produced by the heliostat field (Collado 2013 (7) where ( ) represents the solar altitude angle and is expressed in degrees. The beam normal radiation is given by Eq. (8):
in which the beam's air mass exponents are given by Eq. In Eq. (10), is equal to 1366.1 W/m 2 , is the day number, and and represent the apparent beam and diffusion optical depths, respectively, which are site specific and change during the year. For Seville, Spain, and other cities that study SPTP technology, these last parameters are given in (ASHRAE 2013) for each city on the 21 st day of each month.
Ambient temperature (℃)
The procedures for generating 24-h temperature data sequences, as in (ASHRAE 2013) are suitable inputs to the thermal equations describing the receiver, are based on three factors: the monthly dry bulb design temperature (DB), the mean daily DB temperature range (MCDBR), and fractions of the daily temperature range. These are included in (ASHRAE 2013) for the 21 st day of each month for Seville, Spain, (Lat: 37.42) and other cities, except for the fractions of the daily temperature range because it is a function of solar time and is therefore tabulated for each 24 h of solar time. To calculate the hourly temperature , the fraction of the DB daily range is subtracted from the dry bulb monthly design temperature as presented in Eq. (11):
Heliostat and receiver specifications
Gemasolar, an SPTP in Seville, Spain, is the plant used as a reference in this work. The complete dimensions of the SENER heliostats used in Gemasolar are presented in (Collado 2013 , Burgaleta 2011 , Amadei 2013 ; the field parameters used in this study are presented in Table 1 along with other parameters of the receiver model, which are considered similar to those of Gemasolar, because some data related to the receiver model is hard to obtain, therefore, the study depended on some parameters from the literature review of solar two (Pacheco 2002) , as the number of panels and the tube wall thickness, which considered (24, 1.25mm) respectively and the number of path flow for HTF (2), and set the number of tubes in each panel which equal 38. 
Coordinate system
In the selection coordinate system (referred to in the following text as "tower system of coordinates"), east is in the positive ( ) direction, north is in the positive ( ) direction, and the zenith is in the ( ) direction, as shown in Fig. (1) .
Fig. 1 System Coordinate for heliostat fields and receiver
Given that the sun is a moving object while the receiver is a fixed object, the normal ( ) of the heliostat has to be adjusted when the sun position changes with time to ensure that the heliostat is oriented at the necessary angles. The incident angle on the heliostat ( ) Similar to the angle of reflection, as indicated by Snell's law of reflection, therefore, the bisector of ( ) and ( ) is the heliostat normal ( ), as shown in Eq. (12):
The unit vector ( ) refers to the sun and it is estimated as presented in Ref. (Duffie 1991) depending upon the solar altitude angle ( ) and solar azimuth angle ( ). The unit vector ( ) is directed toward the aim point (receiver). Thus, the vector ( ) is in the direction of the central reflected ray.
To determine the ( ) of the heliostat, the heliostat position frame should be estimated. The altered orientation of the frame during the sun tracking period in three-dimensional space can be modeled by applying the coordinate transformation, which is presented in Ref. (Stine 1985) . The rest position or the initial coordinate of the frame is first defined in a fixed coordinate system. When the plane of the heliostat is parallel to the x-y plane, the normal to its surface( ) is directed to the north direction. The reflector is oriented using an actuator for rotation in the coordinate transformation for the azimuthelevation (AE) sun-tracking method, as presented in Ref. (Chong 2011) . The first rotation transformation by the angle ( ) about the Y-axis will transform the point from the fixed coordinate system to an elevation-movement coordinate system. The second rotation transformation for the rotational movement by the angle ( ) about the Xaxis will transform the point of the elevation-movement coordinate system to an azimuth-movement coordinate system,
Mathematical Model for Heliostat Field Layout
The positioning of the heliostats around the tower is an essential step that depends on many factors. On the other hand, the annual optıcal efficiency is considered to be the main factor for evaluating different field layouts.
First, the layout of the heliostat field and the position for each heliostat are defined based on the model presented in (Noone 2012) , which was inspired by the spiral patterns of the phyllotaxis disc. This layout was shown to increase the overall efficiency and is expressed by Eqs. (13) and (14), as presented in (Noone 2012) :
where ℎ represents the polar position angle for heliostats in the field, ℎ represents the radial position of the heliostat, and and represent the field layout design variables. From Eqs. (13) and (14), evaluations of the different layouts are verified by forming various layout distributions with adjustments to the and parameters, using an optimization algorithm to estimate the ideal and values. The limits of and are assumed to be [2, 8] and [0.4, 0.7] , respectively. A feature of the created heliostat field should be larger than the heliostat number for the necessary range. Therefore, this study started with 5000 heliostats, with the objective of restricting the field to determine the optimal layout of 2650 heliostats.
The field size was selected to include 2650 heliostats, which have the highest , from 5000 heliostats, for comparison with the case study model. The distance between the heliostat and its neighbors is the main condition that must be specified before optimizing the field, to prevent overlap among the close circles in which the heliostats move. Therefore, a program was written such that layouts that lead to interference between the circle movements for the heliostats were not considered. Furthermore, the diagonal of the total reflector area ℎ equals 15.7 m for SENER heliostats (see Table 1 In this study, a genetic algorithm (GA) is used to implement the necessary optimization duty because GA is one of the most efficient optimization methods. Successive random values of the design variables are input until the highest value of , is recorded; in this case, the and parameters were 3.55 and 0.675, respectively, corresponding to a layout with 2650 heliostats. However, the present value of , results are shown in Fig. (2) , which are based on the new values of the specified and parameters that are compared with other values of the same parameters in other studies (Noone 2012) and (Besarati 2014) , which used the same heliostat area and layout. The results show that a higher performance was obtained than others with new values of parameters, as shown in Table ( 2). In order to increase the reliability, implement the same value of the parameters of Ref. (Noone 2012) , with same number of heliostats and locations. The results of unweighted heliostat field efficiency are obtained with the same Eq. (6), but without considering ( ) in the computation; the result obtained in Ref . (Noone 2012 ) is 64.3% and that obtained in the present study is 65.173%.
The second comparison is targeted by computing the value of the field efficiency in GEMASOLAR by the modeling results of Ref. (Collado 2013) , depending on the same reference data and considering the same model of solar radiation and same duration of simulation in Ref. (Collado 2013) . The comparison shows that the result (57.3693%) is very close to the published data of Ref. (Collado 2013) , which is (57.232%).
Energy Balance Model of Solar Receiver
In an SPTP, the receiver is the heat exchanger that intercepts the concentrated sunlight and discharges its energy to an HTF, which may be water, molten salt, atmospheric air, or pressurized air. The solar receiver should act like a blackbody by minimizing radiation losses. The model presented in this paper is based on molten salt tubular cylindrical receivers, and the characteristics of this model is presented in Table ( 1). The surface of the cylindrical receiver is formed with a number of smaller rectangular panels, each consisting of a number of vertical tubes filled with HTF that flows in parallel between a common lower and upper flow header, as shown in Fig. 3 . The HTF enters the receiver from the north side, where the concentration of solar flux is maximum, and the temperature of the HTF is the lowest, and flows through one of the two 12-panel flow circuits as a serpentine flow, as shown in Fig. (3) . The HTF then exits the system via the south side. In addition, to maximize the absorption of the incident solar flux, the pipes are coated with highabsorptivity paint such as the black matte Pyromark™ paint used for Solar II and Gemasolar. According to the Gemasolar literature (Amadei 2013) , the average absorptivity of this particular coating is claimed to be 95%, as presented in Table 1 .
Receivers that use molten salt as the HTF are at an advantage because there is no phase change and it is possible to heat the HTF up to 595°C. For the receiver in the Gemasolar system, the HTF is a molten nitrate salt consisting of 60% NaNO3 and 40% KNO3 (Lata 2008) , the properties of which are presented in (Ferri 2008 ). The HTF is pumped from the cold storage tank at 290°C into the receiver, where it is heated to 595°C and then pumped to the hot storage tank (Amadei 2013) . The mass flow rate of the HTF through the receiver is modulated to accommodate the desired outlet temperature from the tower as the incident flux varies throughout the procedure.
Shape distribution of the incident power on an external receiver
The scheme of the shape distribution of the incident power on the external receiver surface ̇( , ) should be estimated before applying energy balance formulation, which can be done using analytic functions of the HFLCAL model (presented in section 2.1) with the adaptation projection model of Ref. (Sanchez 2015) . Generally, the analytic functions of the HFLCAL model are estimated on the plane normal to the central reflected ray for each heliostat. Thus, the image plane is used in the projection method. First, discretize the receiver panels into several flux points per panel in the vertical direction, approximate them as much as possible into equilateral blocks. Then, divide each panel into nine blocks of the same length, after which the center of each discretization is projected onto the image plane in the direction of the central reflected ray, as shown in Fig. 4 . Generally, the scale of resolution increases when the grid is more accurate; however, the computation time also increases. Next, the flux distribution is projected from the image plane to the receiver, the flux map caused by an entire field of heliostats is generated, and the shape distribution of the incident power at each center of the discretization element of the receiver ̇( , ) is estimated, where represent the number of panels , and represents the number of blocks , which means that each block has its own incident power, as shown in Fig. (5) The cylindrical surface of the external receiver is mapped to a planar surface in which the progression from 0° to 360° along the horizontal axis corresponds to the progression around the circumference of the receiver. The maximum ̇( , ) occurs at the northernmost panels where the angular position is 180°.
Energy balance and model formulation
The solar energy will be reflected by the heliostat field onto the receiver and absorbed by the HTF. The energy absorbed by the HTF would be the difference between the total incident energy and total losses through the receiver. These losses consist of 1) convective losses due to the air surrounding the receiver, which are directly related to local temperature and wind conditions; 2) radiative losses due to the radiations emitted from the receiver's hot surface to the environment; and 3) reflective losses due to the material's properties. These heat transfer losses are shown in Fig. 3 .
The modeling tool is limited to the scheme of the ̇( , ), which as estimated before contains one data point per panel in the circumferential direction and several flux points per panel in the vertical direction.
The proposed model considers that the inlet and outlet temperatures are fixed, that the tube-to-tube conduction and radiation exchange is negligible, and that the axial conduction is also small because the internal convection due to molten salt flowing in the tubes dominates the relatively large resistance to conduction. The above result is obtained from forced and natural convection. The convection heat transfer coefficient can be estimated from the Eq. ℎ ̅ = (ℎ ̅ 3.2 − ℎ ̅ 3.2 ) 1/3.2 According to the correlations of Siebers and Kraabel, as presented in Ref. (Siebers 1984) , where ℎ ̅ represents the forced convection coefficient, which is estimated from the Nusselt and Reynold numbers that are based on the receiver diameter and wind velocity, and ℎ ̅ is the natural convection coefficient, which is based on the Nusselt and Grashof numbers, that are consider the receiver height as characteristic length. The radiation losses from different blocks are presented in Eqs. (18) (19) (20) . The model of Ref. (Wagner 2008) considers the ambient air temperature and the effective sky temperature with suitable view factors in location between the receiver and temperature zones.
The surface emissivity = 0.88, and the view factor between the ground and the tower and that between the sky and the tower are , = 0.5 and , = 0.5, respectively. The sky temperature is as shown in Eq. (21) The reflection is as shown in Eq. (22) ̇( , ) = (1 − 0.95).̇( , ) ( ) (22) The surface area of the element equals ( ), where is the length of the panel block in the vertical direction, and , 1 are the absorber tube's inner and outer radii, respectively.
Temperatures of receiver surface and HTF for each block
The first consideration in the computation of heat losses is the calculation of the average receiver surface and HTF temperatures for each block because they are required for almost all types of heat loss computations, excluding reflective heat loss. To determine the temperatures of the HTF along the flow path of the HTF through the receiver tubes, as shown in equation (23), which depend on the accumulated heat from the entrance until the block where the temperature of the HTF is computed, that mean, as mentioned before the HTF flow in two paths in the receiver, each path flow in 12 panels and 9 blocks in each panel, each path consist of 108 blocks, then to simplified computations, defined length of path flow ( ) Which present the sequence of the blocks with path flow, then when computed temperature for specified block, should estimate the summation heat for all heat from entrance to specify a block, as Consecutively to the fluid flow path, or in the other ward, follow the flow of the HTF as shown in Fig. (3) , that mean the sequence of the summation in Eq. (23) for the specified number of ( ), start from the first element in panel 12 and end at (n=108), for path flow (north-east-south) and the sequence of the number of the elements ( , ) That corresponding to the sequence of the length of the path flow of HTM, and for other path start from the first element in panel 13 and end at (n=108), for path flow (north-west south), and same procedure for sequence of blocks. ̇H TF,p represents the mass flow rate of the HTF for each panel, and HTF (0) equals 290 °C, which is the entrance temperature for the HTF Further, an additional energy balance is required to estimate the surface temperature of the element , , . This balance considers the thermal resistance between the outer surface of the tube and the HTF running through the tube, and can be described by Eq. (24):
where HTF ( , ) is the HTF temperature in the absorber tube. In this case, the tube material is a nickel alloy (800H) (Amadei 2013) . In Eq. (24), ℎ is the HTF convective heat transfer coefficient in the absorber tube. The classical DittusBoelter equation presented in (Li 2010 ) is applied in Eq. 
This mathematical model is further refined by two more steps. First, the HTF ( , ) and , , temperatures are calculated beginning with a set of values based on the conjecture that is then adjusted through iteration. The main assumption used to start this calculation is that
, after which the mass flowrate for each path flow ̇H TF,p is esimated. Then, the temperature HTF ( , ) along path flow of the HTF from Eq. (23) with an initial estimation of the fluid property is estimated, after which , , is estimated from Eq. (24). Second, , , is substituted in heat losses equations (17) (18) (19) (20) (21) (22) to determine ̇( , ) from Eq. (16), and then HTF ( , ) and , , are recalculated using the new ̇( , ) value. Subsequent ̇( , ) values are compared, and if the difference is equal to 0.001, the last value can be considered the true value, this computation and comparison occur for each element, with consider the path of HTF flow, then the last comparison will be for the total value ∑̇( , ) , with same difference and the last value can be considered the true value. Finally, to validate a thermal model for the solar receiver, we compare the efficiency value at spring equinox-solar noon in Seville, Spain, with the experimental result of Ref. (Pacheco 2002) , considering the same condition and selecting the highest wind speed in the reference 6.4 m/s. The reference result is 85.6%, and the result in the present model result is 87.904%. 
Result of Analysis of simulating the SPTP behavior in different locations
Our main objective was to study the potential of concentrating solar power by SPTPs in new areas such as the south of Turkey (Gaziantep, Sanliurfa, and Finike), in addition to existing locations such as Gemasolar in Seville, Spain. The analysis focused on three energy conditions: the SPTPs input solar radiation ( ), the output energy from the heliostat field ̇( ), and the output energy from the solar receiver ̇( ). A dynamic simulation developed in MATLAB was structured to focus on the performance of the heliostat field and solar receiver because these units are the parts of the plant that are most affected by the location conditions, including solar radiation, ambient temperature, latitude and longitude angles, and wind speed. In addition, the daily accumulated energy results for the 21 st day of each month, from sunrise to sunset, were determined for each unit to clearly understand the SPTP unit's performance at each hypothetical location. The first location represents the original location of Gemasolar in Seville, Spain (Lat. 37.42N), which was considered as the reference in this study. Fig. 7 presents the accumulated input and output energies for the heliostat field and receiver for 12 average days. Figs. 8-10 present the accumulated input and output energies from the heliostat field and receiver for 12 average days at three other locations in the south of Turkey (Gaziantep, Sanliurfa, and Finike). For all locations, the total field and receiver efficiencies with the number of days which have maximum and minimum values for the accumulated solar energies are as shown in Table 3 . Finally, as we have already noted, the main reference Gemasolar in Seville, Spain, exhibits the best SPTP potential energies. With regard to the other selected cities in Turkey, the results show that the SPTP will exhibit the best performance in Gaziantep, as shown in the previous figures and in Fig. 12 , which presents the total accumulated solar energies for all 12 days for each different location. For all the cities in Turkey, the results are close in terms of field efficiency the lowest field efficiency value was exhibited in Seville, Spain, and the lowest receiver efficiency was exhibited in Finike ; however, this SPTP in Seville exhibits the highest receiver efficiency value with the highest solar radiation, and Seville is therefore the best SPTP location investigated in this study. 
Conclusion
The performance was compared based on the cumulative energies of the units under investigation, using Gemasolar as a reference. A comparison of these results showed that among the accumulated energies of the heliostat field and receiver for areas in the south of Turkey (Gaziantep, Sanliurfa, and Finike), the highest accumulated energy was exhibited in Gaziantep, after the reference location in Seville, Spain, and the minimum accumulated energy was exhibited in Finike, Turkey. On the other hand, the field efficiency for all locations tested in Turkey is equal or higher than the reference location. Further, the highest value for receiver performance occurred in Seville, Spain, compared to the values in Gaziantep and Sanliurfa, and the minimum value occurred in Finike, Turkey. Further, the result shows that the highest net output energy in Turkey (Gaziantep) was less than the reference case by about 6.71%. 
